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(57) Abstract 

,-i-t for deb'verv narUcuIarly repeatable delivery, of a medicament to the alimentary canal is 

, ^X^SmSS<S£^^o«^ n electric energy emitting means (2), a radio signal transmil- 
disdoscd and a remote actuatable medicament releasing means (4). The capsule signals a 

is remotely triggered to release a dosage of medicament ^ 
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•EEUEtiETin CAPSTHLe' AND PROCESS 
F TK Tr ft OF T P*. THVENTTON 

This application relates "to a novel capsule and 
process for its use in the precise delivery and telemetric 
release of medicaments in the alimentary canal of animals, 
particularly humans. 

There has been a" continuing need for a non-invasive 
means for the precise delivery of medicaments to selected 
sites in the animal alimentary canal. Generally, such 
delivery has taken "the form of time delivery capsules, 
wherein" a capsule containing the medicament is manufactured 
from a material that dissolves in a particular specific 
environment and/or within a particular time period vithin 
the alimentary canal? or, the form of elaborate mechanical 
devices that can be inserted into the alimentary canal by 
means of a mechanical tether or the lifce and can release 
the medicament at the desired location. 

in dissolving tiype timed delivery capsule systems, 
the delivery of the medicament is highly dependent upon the 
predictability of the particular environment to which the 
capsule containing the medicament is subjected and nuances 
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which MY «=r delivery capsules are 

lite Dissolving type tx»ea delivery v 

^llv M=a«se ot.the anpredictahilitr 
^^^JT^— an* the — ti.n - 

^ ^« In a. nost — * « * 
raps ^ee are seen 

*• ' a . llveiy to . specif 

_ , T*— Ma " 8 ;°; s rir tt e release is 

Rarely, are .such means ^efl yne 

>, as at a particular tumor or t*e 
^ ^al—ces. aregener.llvpr^.hen^ 

1« desired to occur at a specific 

ir « - — ~ — ^ - r ~ 

. ™ avWard inple>«nts, typically ccprxsing 

r; in^r* «— - — — 1 - 

erTil the ali^ntary can^ with neaicanent 

« ^insert., en*. — " 

!^ ^c - al^entary tract thrcnch the ^th ncse 

' Tel opening ana generally retire apes^m, 

C eals to he acceptahle to the animal heing treats,, 
th. ne.ica.ent at a specific site in the tract 
2 s i^icant s*ill a^ typically -* - — hy a 

. sr-i- — — — — — . 
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^ M Wniaturi^ v«ao. fWoroscopic. S-ray — 

or the like. , 
». *aaieal Proton «*•»<- 

■ ^ »ore «Xi— — — - 01 " " 

. '" apeciUc al^tary canai site*, ****** — ~* 
5 J 9 I » accurately - — — ^ t 

I^L. - patient to a .eai-i —1, « 

. Z*»* «- ° f ^ professioMl 

^.re^ir** »y *ypi«"^ »~»*»*<» 1 «-— . 

» recant year.. -radio P" 1 " *— — ^ M 

l ° ' descr^a — - » ~ *** " t ™ s - itt "' 

L»itor. various ~ay envir.nae.ts. !t *a* 

tta* s»=» pills <™ te 
placed at aesiraale locations m tba w*y 
PW ^iti^l data to a remote receiver 

ehgineerea to transmit crino 

, * ide tbe bo**. *he ideal radio pill i. "*«■> «* 
located outside tne .douj 

. t*at J. — U — * t0 ^ — °* 11,9 
Tioloaicaily inert. W*« - ~ * 

„■ receive* W a ^ receiver. ^ 

„ tb-fc tli" patient would have 

^ -*~M©7vfc»s body so -that r- 

. or be email enough to be carrxed by 
freedom of movement, or, *e 

the patient. 

„ . resnlt of en* recant perceptions, researchers 
" fro a Beiaelfcer, diversity aeveloped a capsnl. an* system 
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-a the gastrointestinal tract. This 
for monitoring pH et the gastxo rg pH 

, »™i svstem, generally known as the Heia 

tt ^ ^ patient . 

The receiver stores »»a/or recoras 

pI „ £ essxo»al » c loration is „ot oe t er»i.ea 

■•^~*- T Z7 - Heidelierg caps*!. 

- ~ the radio signals. - U1D , _ 
Uluo. so»e free*™ o f * « Pe—. 

„* e»J=y.a vi=espree° co-erdal success, pr 

1 J* M-e- ~e « the «— «- • 

„eO». - — ^ _ ^ b „„ rerantly deveicps* 
Another radio piix ^ 

«. generally *nown as the Konigsherg temperature 
is that genera3ay . «n '±» an ingestible 

, ~ xdll. The Konigsherg pxll » an xng 
telemetry pxll- sensitive to 

•^sule comprising a transmitter that 

capsule P ^ naes with the Heidelherg capsule, 

temperature changes. ^ . _ 

• als are transmitted to a collecting antenna and then 
signals are ^ uge 

— as^.theHe^erg 
by the medical prof ^ ^ 

capsule, geographic location of the 
aetemined using the radio signals- 



PCT/US92/04429 

WO 92/21307 

5 

Eac h or the Heidelberg and xonigsherg capsules have 

the ability to deliver a drug at a selected site. 
' » object of the present. invention i* to provide a 
capsule vbich is easily ingestible in » -I— aH—tary 
^el a„a can he remote triggered to release „edica«nt e t 
a specified site in the canal. 

^er object of the invention is tc provxd. a 
rap eule that can trans.it a signal to a rencte receiver, 
„ ^ icient to deterge graphic location of the capsnle 
within the alimentary canal. 

A further object of the invention is to provide a 
proceBS for the tracing of a capsule through the 

alimentary canal. . . n 

A still further object of the invention is to 
" pr ovide a process for tracking a capsule through the 

• aliffl entary canal an, releasing a desired dosage of 
medicament at a specified site within the canal. 

Th ese and other objects of the invention will become 
20 apparent from the fplloving description of the invention. 

The instant invention features an ingestible capsule 

baving *» exterior surface configured for convenient 

through the alimentary canal, said capsule 
05 passage tnrougn 

■ • electric power source, a radio signal 

comprising, an electric * 
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s a re»ote aoruatable activating »ea»s. 

medicament storage mean* 

.„ i, an essentially non-digestible outer shell. 
" M o £ the invention, the electric power 

in the system of xne 
. in the capsule, provides operating power to the 
sOTr ce ^ the P ^signals from the 

transmitting means, vhicn emx 

, that are collected by antennae/ exterxor to the 
capsule that are _ remote recei ver. The 

. and fed to an appropriate remo^ 

fcumanbody, and MSBitter is ingested in the 

resale containing such transmit* 

capsule co« tvDlcally arranged 

»=i aT »a remote antennae, typicajj-jr 

^e at ^ ions - — 

capsuxe «»»- i„__ The remote 

. . to the remote recexver. rae 

tracking "j^^^e. ^„ convert* 

receiver in turn efilrfxes. fllSt *° ^ 
™*ions of the signals to usafcl. date wm 
' ^ " drage ana/or c»*arator — . 

^ ^ process unit such as a colter. The 

— * the oata « receiver with 

comparator, eonpares tne - „,,. virions 

JL-T « " .Is 

' C the ali^ary canal contained in the storage »ans 

0 C^tes or confirm location. „on receipt o^als 

M capsule indicating alionuent at the capsule at a 
L in the alinentar, canal, remote -eans 

Ttrr— i. — activate -ean. - - 
actuates the « I: releasing 

25 capsule, which m tur» aeaaK 
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neans causing tbe stored nadicanent to be released from tb. 

^"s. can b e «°» - » £ " M ° ia 

„e of tbe invention generally cerise, obtaining 
process of. tb ttaB smitting 
alrectional data iron the passage M g 

^psule.tbrougb I — * - ' " "e 

. ^ tbe routin, of tb. capsule to . precise location in tbe 
^ . SMS directional d,te is stored and cohered to 
■" I- ! data «=» a eabaeouent signal transmitting 

air ectxo»al -"J ^ p „ sij , g t^.tbe 

capsule or capsules c^rry" 1 ^ 

siLentary canal at a later tine, once tbe route bas 

£«en Isap^^d and stored, tbe passage of subsequent capsules 

- ~ ""^ d 
IL— at a selected site can be accurately acbxeved- 

5 ttecugb multiple repetitions. Mrtlco i«ly 

TM advantage .of such process X. partxc^arly 
• . patient tbat requires periodic 

^intestinal tract. ^^-^T^; 
rtrst exploratory treatment in 

t wberein a signal --transmitting capsule is 
^ironment ^ altoent ,ry canal -it, "S 

JJWert ea and passeo tbro-gb tbe 

Jgrepbic route being »apped to tbe precxs. route tbat a 
TJcIent contains capsule »ouid taKe to a specific 
!5 location in tbe canal. *be napped route is tben stored „ 

^e computer for furtber reference. Tbereafter. treats 
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♦ of 8 ■edica.ent containing capsule, in 

. iocs.* 

„^ the medicament from a remo« 
release of the » ^ ^ aesixed 

r^-- ---t^ xrrr- 

„ providing means to deliver » 

the same tune, pr * varying times. 

same or different sites at the same or vaxy^ 
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of operation of the present 
^ nature and mode or op 

-XI now *e more fully described in the following 
Mention vxll - * accojnp anying drawings 

detailed description taken vi 

wherein: . n lustration of a typical 

PIG. 1 is ^ schematic illustra 

^"IT; * . ^ — — «- " 

_ v actiTO ting enters of the capsule of TO. 
neflicament anfl activaww ... -- 

— — • of the c^e of ^ 

system of the capsule. 
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to! 1 comprises . scnematic ilinstration of tb. 

Mi n cogent. °* «- CBPSQl ' ""T " 

mention ana t*e -anner i» ^ to 

typical operation. 

TberelJ1 , capsule 1. typically cerises an electrxc 



powe r source. ... radio =ionai . "answer »' r ™°" 

4..-i--t . " B ^ y ;;^ 

,,„t cogent — - « 

pI „vide tbe two .unction, o* trans-it^ - ~*» • « 

and dosage release. 

& functioning to provide tradOn, data, trotter 

, ..it. a radio sionai.s) iroB the capsule 
collected W antennae located verier to the body, 
.hi*. 1. «- _ tb. sional to an appropriate rerote 
receiver 8 . Sionale *— 
tvpicaily constant - ™~ ^ 



20 



25 



frequency, — -* 

trac *ing data. ^ — ™ — * 

^ the system of the anv^ipn. fox. collection of- sxgnals 
£rom capsule twitting » to obtain Precxse 

positioning of the capsule in the alimentary canal through 
metric triangulation in conation with an expert 

^ en ftv3xe The antennae can be located xn 
system based software. 

, nHm to which the patient is confined, 
fixed instrumentation to wmu 
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«^ the multiple I» — — * 
Mt , ge.er.HV * all o.. the patient to 

body in a vest or belt type 

«. antennae *° 
„,e or -ore . ^ ^ recelvea by the 

jocatxon of _ withi „ ^-volatile 

in » 1« typically xnternaUY rt 

. ,- later review and analysis. 
,„ iemory W »«* • in.ei.tion, which 

ma further embodiment or " . 

^ the patient -axi-u- — • " 

allow the p vitb ae antennae on the 

, w „ is Bountefl together wren t 

" a T S * radio conation with a second receiver 

^ Tha^lea to one or — central processing units. 

that xs hart wxr ^ ^ wired to 

tte signal receives by the receive 
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tt e cm. processing unit. J- ^— *- ** ' 
fashion to tJ.at ascribed above. 

central processing unit « generally institutes a 
or the Wi^y casing data 

attribution »eans 10, data- storage ueans 11 ■* 
„» P a» t =r/=o^«i», — »• ~ «— 

reiver , is typically routed to ^c»-controller _ » 
«,.„ to distribution »eans 10. herein it is distributed t. 
cra paratcr/co»puting .eans 1= eha/o, storage »ea»s u. 
C^ar.tor/co.puting .!». .generally co»p«e. data 

Reived rro- tbe distribution Previously stored 

aa ta »d analyzes, ccputes and/or confirm geonetnc 
lotion or tbe capsule .itbin tbe ali-entary canal, 
^itcr 13 e^,or printer 14 is typically provided to allow 
Visual confirmation, to tbe operator. of the status and 
location of tbe capsule- Mcrc-control«r »»• « 

^rritizina data from the antennae 
provides means for digitizxng aa 

receiver instrumentation. 

TJpon receipt of signals from the capsule indicating 
ali gnment of the capsule at • a specif ied site in the 
alimentary canal, the .dosage release function., of. the 
capsule is typically undertaXen. To initiate dosage 
release, remote trigger 15 transmits an actuating signal to 
tfce actuator of the capsule, which in turn actuates tb* 
me dicament releasing assembly causing the stored medicament 
to be released from the capsule. 
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„ Therein, ^uls 1, comprises 9ener.Hr 

. cylindrical centre! shel! ^c, 21 

electronics ,»«' mechanical assembly. — *— 

.ad cap 22 assembled to Ior» • non- 
•- JT-U. »-ica«nt end cap 21 

^esUble cater ^ plag 52 . 

£Ulln9 "T,! at 23 - ». — 
^picall, t». en. caps - "^ 

* 1 1 00 using a non toxic gj- 

— 01 ~ 

ana/or ieajtag na 2 6 are 

Barrier 25 and central shell ena 
Til:- to provide consent placement, respectively. 

" - rtTT' tlT^ — • 

rover source *" a 22 ' 5 „ „ 

, miti „ M bar 28 and negative bu» bar 31. 
battery «. PO~~™ ^ ^ ^ pMi tiv. 

tosm : ~jz2r» — ib 

T battery, verier divide 3, and seal** 33 
° 01 2, in position and insalate neoativ. bas 

-i-tain .ide or botto. wall -f 

„ax- 31 fro. contact vitn a positive aada or 

X ^ — ^ " 

area in the top wall ^ t" 6 batteiy - 
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^ ^ 5-l is typically in dosed electric 
Negative bus bar 31 « -cypiu j 

CMlt ,ct. tbrough connecting bar „. with transfer «0 an* 

so ot positive "a" bar 28 a " 
installed between, contects 30 ol posi 

positive battery terminal » to Activate the circuit 

u^il us. « the caps-!. i» aesirea. native bus bar 31 

ie in contact .it. the circuit - tran*»itter .0 ana 

equator 41. — - *— "»* COX¥l *T 
„ electric —1* — ■* — " ** 
tt _ ltt « 40 - ect.ater 41. to alio, activation , - 
actuate 41 upon receipt o f an appropriate signal «o» the 

t„ tie process of the invention, lockout 
. renote trigger. In tie proc 

36 is-reaovea i-t prior to ingestion o £ the capsule a»a 
tbe hole in -t,e capsule «» which it is withar.v. is- 
elosea by install^ a silicon rubber Plug, or with sealant 
or the like- 

Ir a„s»itt« 40 operates indepenae^^y o f actuator 

4! ^ is designea to _lft a detectsble radio, signal, £ ro» 

mission coil ... - ^ * 

r e,o^l * lockout ... «.a raaio signal _ he constant or 
can he inter-ittent, hut shouia ha oi su«icien t intensity 
to he detectable through an antenna 1— - outside the 
nody by a receiver. Generally. « nonnodulated. signal, 

,, rfrme is prat erred. Typically there 
outside the broadcast range, is P 

is no provision icr switching o« transfer 40 ana it 
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^ 01 oil 37 «pon receipt o* . defined 

- transmission signal. *»e 

activating tran afet ectable resonate 

characterized W a aet 
typically is - ^ of ^ inv ,„tion. 

Renter, aotiviting — - 

a to prevent = activation W 

MoM round radio signals. " actuator 41 

- « the remote trigger of the system. 
sigM l a- the r po „„ 

g e„erally directs power «. the „ t 

n„.s 42 to filament 43. * Be 
transmission imes re sults in rapid 

actuator generally resui 
M ttery po««x ^ ^ pOT „ source 

aissipatioB of the energy ^ ^ 

„ ^ ^^railv transmission of detect 
^ a typically inte „sity and eventually cease 

, decrease in 1Tlte " DA J 

the capsule vill ae ion of detectable 

4- wi e Olxis decrease or cessation 
to 1* detectable. *hx conf Ration that the 

radi o signals is typically seen as 

dosing procedure has hegun ^ 
Tbe medicament delivery portion 

- S es power transmission 42. fxl—* 

generally comprises power 
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„, spot «, diaphrag. «. Pi " rea ° tant 

„ reactant «. trip vire 17 and piston «9. 

Biapbrag. 45 is generally circular in for. and i» 
engaged vith the interior of the centra! shell through 
circurferential retainer clip B. The diaphrag. is 
CM prised or - elastceric -aterial. such as silicon 
„ l.«* or th, that c» b. outwardly 

distended fro. its center vithout rupturing, ana can for. 
effective carrier between the two reactant... Generally 
lt i6 also desir^e that the elastic .aterial be soon 
that when pierced it .ill tear to provide a significant 
^ture. silicon rvbber has been fou^ to be » effective 
. ^ for use a. a diaphrag., however it should be 
^aerstood ^ any ela.to»r that .ay function a. 
previously described is contested as vithxn the 
mention. Power transnission lines « nave a dual 
faction, first in that they conduct electric current to 
Iila «nt .3 fro. actuator «. and second in that they 
constitute attachnent vires fat extend fro. the actuator 
a to the diaphrag.. »it» sufficient tensile strength to hold 

th. diaphrag. in « distended position. . The. attaint 
wires are held to the diaphrag. by H«-l sensitive glue 

spot 44. 

various ther.al sensitive glues »ay be used an the 
, 6 invention, though a preferred thexsal sensitive glue can be 

foraed by .ixing raw poly.ethylpent.ne plastic stoc* with 
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such as tetrahydrofuran, 

"Wl-*'*'" 8 „ ^v, have the de.ir.a thecal 

a parte wbl=h, <*«• harfH,e4 ' " U 

e^cterirtics. ^nt f ro» abator 41. 

"ease «.e — ^"^^ " 

imposing a current toward its normal 

diaphragm allows 

„ soli* reacts, «-* «. — » 

reacts i» » v<adc 8 „ tie acid. 
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into the medicament storage compartment. Bing seal. 54 and 
55 ere provided on Piston «> to prevent - *»• 

reectants and/or gaseous proauct.. of *»- reaction 
entering the medicament ccspartment. 

TO S 3 and 4 illustrate th. drug delivery system of 
«. capsule. X. rig. 3. the remote trigger has signaled 
tte ac t»ator which closes a circuit fro. the power scarce 
and Eposes a current upon transmission lines «. causing 
tne filament 43 to neat the. thermal sensitive glue spot 44. 
^ thermal sensitive . glue spot ha. meited, releasing 
diaphragm 45 .to allow its return to a normal straight 
position. The diaphragm has M ruptured by rupture pin 
« to ailo. liouid reactant to move into the area holdrn, 
tne solid xeaotant and contact th, solid reactant. In 
. the contacting solid and liguid reactants react and the 
reaction has proceeded "such that sufficient gas has heen 
generated to move piston 4= forward into the a*aica».»t 
storage compartment. Suptur. pin 46 is mounted to piston 
„ and, as. it moves forward into the medicament storage 
colpartment, the piston displaces medicament 50 with 
sufficient force to pop out dosing plug S2. and force the 
.edicameht out of the capsule. » addition, as the piston 
„oves forward, ha* 3 9 of ruptur. pin 46, engages trip wxr. 
17 and causes it to break. 

Trip wire 17 generally is arranged to comprise a 
parallel circuit with all or part of initiator coil 3, such 
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ttat trip vira XT creates a aetectable change » 

tte mtMtt freguency - the ^ 

stored as a aetect^le dostog inaica*.* signal. 

My he adjusted to varies aistances that the piston »»y 
OTVel hexore a aet^le xnpture oi the trip vir. occurs. 

WpicaXly « <° ^ " ^ ^ 

artsrtabl e i» resonance rreguency occurs at a piston 

position that confirm the completion « aosi^. 

Dostog pln S M is Wi«"y ooi.pri.oa. or a -tm- 
^ is morally ".istant to ali»ent,ry traot fluies. 

Generally a silicon ^ P»« — ™* «"* -~ 

„eing e^ellea the capsule it will pass harlessly.. 

^Sh the alWary canal, capsule, after- 

lias _ ecco^lished. Typically, dosing plug 52 - 
f i«ed to t6e aosaoe release W to the — U~— * 
as a final assembly step to prevent leaKag. of fluias into 

or out of the end cap. 

pUXtaS »e»hra»e 51 is cofcrisea of a -ateriaX such 
± s iUcon ruhher or the lite that is generally resistant 
to alttentary traot fluias. Typically, «Xll>* — • 
51 covers a snitahle aosage tilling hole in the .edicanent 
ena rap ana is glued or otherwise sealed to the ena cap to 
prevent leakage of fluias into or ont of the e»a cap. The 
«■» is comprised of a -aterial that is strong ana/or 
thicc enough to resist bursting upon M« subjected to the 
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differential in pressure created within the capsule, by the 
generation of gas, and is self sealing when pierced by one 
ox more needles, or the. like . f or filling «» medicament 
borage compartment, wfth or, without trapped air release. - 
Membrane Aerials of this nature are widely available 
being extensively used, as filler Cranes in medicament 
supply bottles and the like. 

FIG 5, comprises m, block diagram illustrating 
typical circuitry, of a capsule of the invention. Therein, 
is illustrated that upon removal of insulating lockout 36, 
the circuitry of radio, signal transmitting means 3 is 
completed and the- transmitting »eans is powered, by 
electric power source . 2, to begin emitting, radio signals 
a „d continue" same, until the power from the power source is 
dissipated. At the same time, . receiver circuit . 56 of 
remote controlled actuator 4 ..is enabled but not powered, 
. s .ch that upon receiving a proper signal from a remote 
trigger, the receiver circuit will actuate filament circuit 
' 57. Actuation of filament circuit 57 actuates initiator 
coil 37, including the parallel . circuit of trip wire 17, 
and causes current to flow through, transmission, lines 42 
through tungsten f il^ent 43 to ground causing the filament 
to heat up. It should be noted that preferably, 
deactivation of the transmitter circuit does not occur upon 
actuation of filament circuit so that the. incident of 
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,.rvnriR-rv indication tba* the 
^1. dosil* Previa a secondary - 

^ « n1e dosing has occurred. 

*» ^ . a oto „ g « fcattery or c also co»prise 

an 9» OTtl,>S dCT1 . . _ slaver „xid.. 

i» nvoically, modern mercury, ^ 
• o£ tb. capsule. =ultable in size and 

■ . DTM , lithium batteries are suxw 
NlCad "* 1 ^ tte ^psule of the present invention, 

storage fornse in the cap „ tors might be used 

^ilarly, mechanical power generators might 
Similarly, tensi oned spring 

• ^-r tKe invention, SUCAA 
ta t»e capsule o*«* ^ ^ 

regoir ^ a educes tne P ^ 

„eans are not ^ oI tte instant invention, a 

•ra another embodiment ox m 
• „■ nodical fuel cell conprises «» power 

trmr— *- — — - 

!0 source, sncn as ye 

electrode Serial. ^ ^ 
Generally tbe capsule on 

• ■, that -ill resist degradation Iron passing 

^le .aterxal that «11 ^ polycart onat« 

^cogn th. ali.ent.ry canal. ^ vari _ 

rat erial i» »— — « ~ ^L- - 
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capsule and process of the invention. ?*»<«"T it U 
p^f erred to us. a liuuiu .eaicament or dispersion ra a 

liquid carrier. 

Kadio signal , transmitting and receiving means 

- 4« the capsule of the invention are well 
suitable for use xn the caps"* 

nwn in the art. suh-lniature radio txananitters a. 
ae.crii.ed hy A.H. Connell in .GOT.. ».«•. pp.«. end B.o. 
„oller, in Bedical . Slectronics, »60. PP .»« appear 
rtitahle for the capsule of the invention. 

The reeote receiver and antennae are generally seen 
„ comprising a receiver subsystem for the purposes at the 
mention. Typically, such receiver suhsystcn used in the 
process of the invention oonprises Multiple dipole 
entennae, the outputs of vhicb ex. ti-e Multiplexed to a 
colter ^; superheterodyne receiver and quadrature 

detector- 

T. the general operation of a typical receiver 
cnhsyste. of the invention, the output fron Multiple dipole 
entennae. typically ahout eight, are natched in impedance 
by pressing through a con.cn inpedance .etching netvor*. 
The .etched output of the ant»na. are. then t*_ 
^tipl-ed, hy =ea»= of data input control fro» the 
^pnter and the nultiplaxed signal is channeled to a radio 

- frequency fff) -*U*i« «* «» " ceiver 101 ^ liIlcoti °- 
*. amplified signal is then channaled to the conputer 
tuned superheterodyne receive, vhere it is typically 
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tlxtm d to re»o,e spuri- - " *" 

• „ input - a — - — ' * ~ ^"'T 
^ency s igMl for convenient processing. . ~ 

frequency signai - «— " 
L~ that — i~s recoil signal valiaity. with 

sigTO le hy - 

iau» interneaiate frequency 
tr^itta! to «« co-pnter. The » 

outpot oI the »i»r is .Xso anplifiea. — * *" 

^ to an ahsoXnte velne — * to goantify 

length « a « — 
received signal —gth «~ ~* 
transnittea to the co»pnter. 

R ec»ivers which can detect the presence of . valia 

.^ency. >U» — -»«" 01 ^ 

aeteot a»a aigitiae «" "* 



T-piative strength of the 
in£ut fre^ency, measure tte relative 

,r signal.- amplify, . 

. 4 _* ca ia v used as communxcatxons 
commonly available and typ«ally ™ 

She colter subsystem generally co.prl.ee a 
^y availahle instm-ent nicro-controXXer - . 
wic ax centraX process —» — " ' 
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typical CBDVia^ xr 

^tr^on o»parator/c.»^er. aat. storage 

jneanSr monitoTf printer and appropriate software. 

& the general operation of the process, the 
a***-. vaXia sionaxs confir, contain* identification 
o£ the capsuxe en* the DC voltage sign* fro- each antenna 
is digits hy the „icro-co»tr.ller to proviae capsule 
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loC ation input to the central processing unit. ^ as a 
dosing capsule moves through the alimentary canal the 
variations in quantified DC voltage signal, derived, fro* 
each antenna and digitized by., the micro-controller, are 
chared by the software of the central processing unit to 
tbe digitized historic DC voltage signal data obtained from 
^ previous parage of a non-dosing capsule. In addition 
to the direct comparison at digitized non-dosing historic 
DC voltage signal data, comparison may be made with other 
actors such a* length of time in the canal, active 
^ennae group, historic progress rate through the canal, 
xa te and/or timo mode!*, normaHzed or model voltage signal 
aata and the li*e. Typically, the software scans and 
computes variations from the non-dosing historic signal- 
data , together with variations from one or more other 
factors, in pre-programid weighted relation to establish a 
calculated probability of geometric location of the dosing 
capsule. Typically the calculated probability is 

continually monitored by the central processing unit and 
up o„ variation beyond pre-programed limits will scan and 
recalculate discarding and/or incorporating other factors 
as may be pre-programed into the software. Such 
recalculating, discarding and/or incorporating of other 
factors is generally referred to as the expert system of 
the software for purposes of this application. Typically, 
the software is pre-programed to signal the operator or 
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. Vitiate a=in9 — » *»" c^^^ 9~»* ttic 

► - . ranot* fro. the cnpsnla ar. oeneraily 

comprises an ^« c ' ^ifieation 
i^Vrecaive ,» -** and • *— 

in typical oparation ot tno pr 
. tion «*. colter sionals — °* 
i """ t " n ' ^ ^ ^.priate. " Tne initiator pu!=e 

' T« IT- - — ~~ - 

^Xittar « snap vhich 

»d disconnects «.a BaltipX. antenna, fro. 
dipoi. antenna, and disco _ Iier ^ i„ operation 

the pulse amplxxxei: « 

powered pulse. 
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After the amplified pulse has been transmitted the 
TR svitch reconnects the antennae to the multiplexer and 
the grid dip module senses the resonate frequency of the 
activator circuit of the .capsule.. , As the trip wire in the 
capsule wretches and/or breaks, the activator circuitry 
changes and results in a change of frequency vhich is also 
detected by the grid dip module. 

Typically, the operation ox the initiator pulse 
amplifier and TRsvitch are inter-controlled by the central 
processing unit. The data corresponding to tbe changes or 
failure to change frequency is transmitted by the receiver 
to the CPU and the software can be preprogrammed to re- 
initiate the sequence., indicate dosing success or failure, 

as may be desired.. 

While various particular embodiments of the 
invention have been shown and described, it will, of course 
b e understood that various modifications can be made 
without departure from the principles of the invention. 
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"WE CLAIM r 

an ingestible capsule for delivery of a medicament 
to the alimentary canal comprising, an electric, power 
source, a radio signal transmitting means, a medicament 
storage compartment, and a remote actuate medicament 

a « s all encased in " an essentially non- 
releasing means, aJJ. 

digestible outer shell. 

2 . capsule of claim 1 wherein said electric power 

source comprises a battery. 

Sfce capsule of claim 1 wherein said transmitting 
me ans emits"a detectable radio signal. 

*he capsule of claim 1 . wherein said medicament 
borage compartment comprises a dosing means and a filling 



means - 



5 . Th e capsule of claim 4 wherein said filling means 

comprises a self sealing membrane. 

The capsule of claim 4 wherein said dosing means 
comprises a removable plug. 
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said remote 
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7 . The capsule of claim. 1 vherein 
abatable medicament releasing means comprises an. 
activating means and a medicament releasing means. 

8 . Thc capsule of claim 7 vherein said activating means 
comprises an electric heating filament and means for 
activating said heating filament. 

9 . The capsule of claim 1 vherein said remote, 
abatable medicament releasing means comprises means for 
receiving a radio signal from a remote transmitting means. 

10 The capsule of claim 7 vherein said activating means 

comprises an initiator coil that is characterized hy a 
detectable resonate frequency when activated. 

11. The capsule of claim 8 vherein said heating filament 
is detachably joined to a ,dia P hragm by means of a thermal 
sensitive glue. 

12 . The capsule, of claim 1 wherein said remote 
abatable releasing seans comprises a diaphragm, arranged 
to separate reactants that, upon contacting each other, 
vill form a gas. 
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The capsule of claim 12 wherein said reactants 
comprise an acid and a case* 



14 . The capsule of claim 13 wherein said base comprises 
sodium bi-carbonate and said acid is an organic acid. 

15. The capsule of claim 12 comprising means to rupture 
said diaphragm. 



16. 



The capsule of claim 15 wherein said means to 
rupture- said diaphragm comprises a rupture pin arranged to 
engage said diaphragm when said diaphragm is released from 
a distended position. 

17. The capsule of claim 16, wherein said diaphragm is 
held in said distended position by distending means 
comprising an electric beating filament detachably joined, 
by thermal sensitive glue, to said diaphragm. 
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The capsule of claim 17 wherein said distending 
»eans comprise means for conducting electricity to said 
filament. 



capsule of claim 7 comprising a movable piston. 
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20. The * capstile of claim J9 wherein said piston is 
adapted to cause medicament to be expelled from the capsule 
-through movement of said piston. 

21. The capsule of claim 19 comprising a trip wire 
arranged to be engaged with movement of said piston. 

22. The capsule of claim 21 wherein said trip wire is 
arranged to brea* with defined movement of said piston. 

23. The capsule of claim 21 wherein said trip, wire is 
arranged to provide a means to remotely detect medicament 
dosing. - 

24. The capsule of claim 23 wherein said trip wire 
comprises a component of an initiator coil that is 
characterized by a detectable resonate freguency when 
activated. 

25. The capsule of claim 24 wherein breaking, said trip 
wire changes the resonate frequency of said initiator coil. 



26. The capsule of claim 1 wherein said outer shell 
comprises a polycarbonate. 
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in iagestibie capsule for delivery .of a »edica»ent 
t» the alimentary canal ce^ristag, .« non-dlgestine outer 
^U, an eiectrio power source.- a radio signal 
transmitting »«a M , a cc.part.ent 
comprising a filling meeoran. and a dosing »ea»e, and, a 
remote actuatabl. «edica»e»t releasing means. 

„ in ingestiMe capsule for delivery of a neaicnant 

to tne alimentary canal comprising, a «o»-digesti*le outer 
Ehela; an electric, power source, . radio sign.! 
transmitting means, • medicanant storage cop.rf.ent 
comprising a CUU-. «— and losing means, diaphragn 
mean., arranged to separate react**, tub upon contact 
generate a gaseous product, -»» « ruptur. -aid 

. ^ «, arranoed "to move In response 

diapfiragm; and piston means, arranged 

to generation of said gaseous product. 

29 ; Tne capsule of claim 28 comprising means to receive 
a radio signal. 

30. The capsule of claim 29 comprising * medicament. 
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31. A process for the delivery of a medicament to a 
selected site in . the alimentary canal of an animal 
comprising, providing an ing<astible capsule containing a 

" signal transmitting means, medicament and a remote 
actuatable medicament releasing means ; ingesting said 
capsule into the alimentary . canal; transmitting a signal 
from' said transmitting means contained in said capsule; 
receiving, said transmitted signal exterior of said canal; 
comparing- said signal to a predetermined standard, and. 
transmitting an actuating signal to said remote actuatable 
medicament releasing means contained in said capsule for 
releasing said medicament from said capsule. 

32. The process of claim 31 wherein said signal is a 
radio signal - 

33. The process of claim 31 wherein a radio signal is 
transmitted from said transmitting means in said capsule 
and is received at multiple antennae arranged about the 
exterior of the alimentary canal. 



34. The process of claim 33 wherein the output of said 
multiple antennae is time multiplexed. 
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' : an 

35. 



The process of claim 32.whereii» said radio Signal', 
^smitted fro. said transmitting means in said capsule, 
is converted to an intermediate frequency signal. 

36 The process or claim 35 wherein an intermediate 
fxeguency signal is quantified as a DC voltage signal. 

37 'ah. process of claim 36 wherein a quantified DC 
voltage signal is digitized to provide input to a computer. 

The process of claim 34 wherein a time multiplexed 
output of the multiple antennae is converted to an 
intermediate frequency signal, quantified as a DC voltage 
signal and digitized to provide input to a computer. ' 

She process of claim 3X wherein digitized 
^formation from said transmitted signal is compared to 
said predetermined standard in a computer. . 

"40 The process of claim 31 wherein said predetermined 

standard comprises historic data ohtained from the previous 
passage of a capsule through said alimentary canal. 

41 . The process of claim 31 wherein said predetermined 
standard comprises one of a rate, time or normalized model. 
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42. The process of claia 3* wherein said transmitted 
signal is digitized and provided to a computer. 

43. The process of claim 42 wherein said predetermined 
standard comprises digitized historic data obtained from 
the previous passage of a capsule through said alimentary 
canal. 

44. The process of claim 42 wherein said predetermined 
standard comprises one of a rate, time or normalized model. 



45 



The process of claim 42 wherein said computer is 
programed to scan and compute variations, from pre-programed 
factors . 

46. The process of claim 42 wherein said computer is. 
programed to initiate an activating signal to the 
medicament releasing means of the capsule. 

47 . The process of claim 42 wherein transmission of said 
activating signal is operator controlled . 

48. The process of claim 31 wherein release of said 
medicament initiates a detectable dosing indicator signal. 
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A9 • ^ process of claim « wherein release ox said 
• ne dicament ini~a.es a detectable dosing indicator signal. 

50 ^ pr oce 5 s ox claim 49 herein said compter is 
proved to rebate an activating signal a dosing 
indicator signal is not detected. 

51 a*e process of claim 3! comprising two or more 
caps »les i* tne alimentarv canal transmitting differentia! 
signals. 

- cap**., contain - . — transits — . 

i»to aaid ^ — » a ««" i " a aata tI ™ 

a sign »l transmitted » =a» ' ~— 

o* .aid =-,1. — «!— ~" predated 

standard* 

n A proce.. ** tb. collection of data for tb. 

^ o* a »edica,e„t » • 5it0 * ~ 

a^axy ca»X o £ a, a»i»al co-pri,^. provide » 

^estifcle capsule cental a radio t— 

t«— Btta. a »dio «" =" a ttan6 ° itti " 9 •"" ,S; 

re> „ ivl „ g said traced exterior oi said caaal at 

^ple abtenuae arrayed about ..id caaal, di 9 itizi», 
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said signal received by said jmiltiple antennae; storing 
said digitized signal in computer recoverable, tine 
sequence memory. 

54. The process of claim 53 wherein said stored 
digitized signal is compared to digitized data from the 
passage of another capsule through said alimentary" canal . 
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iHHCJED CLEMS 

r - ^ ^ r «, H Tnternatixmal Bureau tin 12 November 1992 (12.11-92) . 
treceaved tte !_54 replaced by 

amended claims 1-55 (10 pages)] 
x . An ingestible capsule for delivery of a medicament 

to the alimentary canal comprising, an electric power 
5 source, a radio signal transmitting means in enabling 

circuitry with said power source, a medicament storage 
eompartment, and a remote actuate medicament releasing 
BeanS for releasing medicament from said storage 
compartment, all encased in an essentially non-digestible 
10 outer shell. 

2 . The capsule of claim 1 wherein said electric power 

source comprises a battery. 



3 ^ The capsule of claim 1 wherein said transmitting 

means emits a radio signal, detectable exterior to said 
outer shell of said capsule, when enabled by said power 
source* 

2Q Am Tlie capsule of- claim 1 wherein said medicament 

storage compartment comprises a dosing means and a filling 
means - 

5 , The capsule of claim 4 wherein said filling means 

25 comprises a self sealing membrane arranged to be pierced 

for providing medicament to said storage compartment. 
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6. The capsule of claim .4 wherein said dosing means 
comprises a removable plug arranged to be expelled from 
said capsule at dosing. 

7. The capsule, of claim 1 wherein said remote 
actuatable. medicament releasing means comprises an 
activating means and a medicament releasing means, said 
activating means being arranged to initiate medicament 
releasing activity of said medicament releasing means. 
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The capsule of claim 7 wherein said activating 
jneans comprises an electric heating filament, in enabling 
circuitry with said power source. 

9. The capsule of claim 1 wherein said remote 

actuatable medicament releasing means comprises means for 
receiving a radio signal from a remote transmitting means 
positioned exterior of said outer shell of said capsule. 

•10. • The capsule of claim 7 wherein said activating 
means comprises an initiator coil, in enabling, circuitry 
with said power source, that is characterized by emitting 
a detectable resonant frequency when said activating means 
is activated. 

H. The capsule of claim 8 wherein said medicament 

releasing means comprises a diaphragm, arranged between 
reactants and separating said reactants from contacting. 
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and said heating filament is . detachably joined to said 
diaphragm by means of a thermal sensitive glue. 



12. 



_ The capsule of claim 1 wherein said . remote 

abatable releasing means comprises a diaphragm, arranged 
b etweeh and separating reactants, that, upon contacting 
each other, will form a gas. 

13 . THe capsule of claim 12 wherein said reactants 

comprise an acid and a base. 

14 The capsule of claim 13 wherein said base 

comprises sodium bi-carbonate and said acid , is an organic 
acid. 



15. 



Ihe capsule of claim 12 further comprising means 
torture said diaphragm to the extent that the separated 
reactants will contact. 

16 . The capsule of claim 15 wherein said means to 
said diaphragm Comprises a rupture pin arranged to 

engage said diaphragm when said diaphragm is released from 
a distended position. 

17 , The capsule of claim 16, whereto said diaphragm is 
held in said distended position by means comprising an 
electric heating filament detachably joined, by thermal 
sensitive glue, to said diaphragm. 
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18. The capsule of claim 17 wherein said means 
comprises enabling circuitry from said power source for 
conducting electricity to said filament. 

19. The capsule of claim 7 wherein said medicament 
releasing means comprises a movable piston. 
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The capsule of claim 19 wherein said piston is 
adapted to cause medicament to be expelled from the capsule 
through movement of said piston forcing medicament stored 
±n said medicament storage compartment to be expelled from 
said capsule. 

21. The capsule of claim 20 comprising a trip wire- 
arranged to be engaged with said movement of said piston. 

22. The capsule of claim 20 wherein a trip wire is 
arranged to break with said movement of said piston. 

20 23 m ' T he capsule of claim 21 wherein said trip wire is 

arranged to engage a means to remotely detect medicament 
dosing. 



24. 



The capsule of claim 23 wherein said trip wire is 
an electrical conductor and engages an initiator coil in 
parallel circuitry that is characterized by a detectable 
resonant freguency when activated. 
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25 The capsule of claim 2.4 hereto breaking said trip 

^ e edifies said parallel circuitry and changes the 
resonant frequency of said initiator coil. 

26 . The capsule of claim 1 wherein said outer shell 

comprises a polycarbonate. 

2 7 in ingestible capsule for delivery of a medicament 
to "the alimentary canal comprising, a non-digestible cuter 
shell; an electric power source; a radio signal 
^ansmitting « in enabling circuitry with said power 
source,- a medicament storage compartment comprising a 
filling membrane and a dosing means; and, a remote 
actuatable medicament releasing means. 

28 An ingestible capsule for delivery of a medicament 
to 'the alimentary canal comprising, a non-digestible outer 
shell; en electric power source; a radio signal 
transmitting means in enabling circuitry with said power 
source; a medicament storage compartment comprising a 
filling membrane and a dosing means; diaphragm means, 
arranged to separate reaetants that upon contact generate 
a gaseous product; means to rupture said diaphragm; a D d 
piston means, arranged to move in response to generation of 
said gaseous product. 

29 . The capsule of claim 28 comprising means to 

receive a radio signal. 
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30. tfhe capsule of claim 23 containing a medicament in 
said medicament storage compartment. 

31. » A process for the delivery of a medicament to a 
selected site in the alimentary canal of an animal 
comprising, providing an ingestible capsule containing a 
signal transmitting means, medicament and a remote 
actuatatole medicament releasing means? ingesting said 
capsule into the alimentary canal; transmitting a signal 
from said transmitting means contained in said capsule? 
receiving said transmitted signal exterior of the body. oT 
said animal? comparing said signal to a pre-established 
model and transmitting an actuating signal to said remote 
actuatable medicament releasing means contained -in said 
capsule for releasing said medicament from said capsule, in 
response to the comparison. 

32. The process of claim 31 wherein said signal is a 
radio signal. 

33. The process of claim 31 wherein a radio signal is 
transmitted from said transmitting means in said capsule 
and is received at multiple receiving antennae arranged 
about the exterior of the body of said animal. 

34. The process of claim 33 wherein the output of said 
multiple receiving antennae is directed to time 
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multiplexing means and said output is converted to time 
multiplexed output. 

35. Ihe process of claim 32 wherein said radio, signal, 
transmitted from said transmitting means in said capsule, 
is converted to an intermediate frequency signal. 

36. The process of claim 35 wherein an intermediate 
frequency signal is quantified as a DC voltage signal. 

37. The process of claim 36 wherein a quantified DC 
voltage signal is digitized to provide input to a computer. 
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OOie process of claim 34 wherein said' time 
multiplexed output of the multiple receiving antennae is 
converted to an intermediate frequency signal, quantified 
as a DC voltage signal and digitized to provide input to a 
computer. 

39. 0!he process of claim 31 wherein digitized 
information from said transmitted signal is compared to 
digitized information from said pre-established model in a 
cconptrfcer . 

40. The process of claim 31 wherein said pre- 
estahlished model comprises historic data obtained from the 
previous passage of a radio signal transmitting capsule 
through said alimentary canal. 
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41 . The process of claim 3 1 wherein said pre- 
established- model comprises digitized information having 
parameters comprising one of a rate, time or normalized 

. model . . - 

5 

42. • The process of claim 31 wherein said transmitted 
sigrial is received exterior of the animal body digitized 
and provided to a computer, 

43 m The process of claim -42 wherein said pre- 

established model comprises digitized historic da*ta 
obtained from the previous passage of a capsule through 
said alimentary canal . 

15 44 m . The process of claim 42 wherein said pre- 

established model comprises digitized information having 
parameters comprising . one of a rate, time or normalized 
model . 

20 45. «rhe process of claim 42 wherein said computer is 

programed to scan and compute variations from pre-programed 
factors* 

46. The process of claim 42 wherein said computer is 

25 programed to initiate an actuating signal to the medicament 

releasing means of the capsule. 
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The process of claim 42 wherein initiation of said 
actuating signal is operator controlled. 

48 The process of clam 31 wherein release of said 

me dicament initiates a dosing indicator signal, by a dosing 
^icator signal Beans prised in said capsule, is 
detectable exterior of the *bdy of said animal. 

The process of claim 46 wherein release of said 
Medicament initiates a dosing indicator signal, by a dosing 

o^rieed in said capsule, which is 
indicator signal means comprised in sax 

detectable e^erior of the body of said animal. _ 

50 *he process of claim 49 wherein said computer is 

programed to re-initial an actoatin* signal when a dosing 
indicator signal is not received by said compute* after it 
Has initiated an actuating signal. 

53 _ ^e process of claim 31 comprising two or more 

capsules in th. alimentary canal transmitting differential 
signals. 

52 The process of claim 3i herein a first ingestiile 

capsule, contain a signal transmitting means, is 
jested into said alimentary canal, a signal transmitted 
from said capsule is received exterior of said body and 
digitized in a compter, and said digitized da t , fro. a 
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signal transmitted from said first capsule comprises said 
pre-established model. 

53 • A process . fox. .the. collection . of data for the 

delivery of a. medicament to a selected site in the 
alimentary canal of an animal comprising: providing an 
ingestitole capsule containing a radio signal transmitting 
means; , ingesting said, capsule into the alimentary canal; 
transmitting, a radio signal from said transmitting means ; 
receiving said transmitted signal exterior of . the body of- 
said animal at multiple receiving antennae arranged about 
said, canal; digitizing said signal received by said 
multiple, antennae; and. storing said digitized signal in 
computer recoverable, time sequence memory. 
~\ 

54. The process of claim 53 wherein said stored 
digitized signal is compared to digitized data derived from 
transmitted* signals from the passage of another capsule 
through said alimentary canal. 

55. The capsule of claim 1 vherein said enabling 
circuitry comprises a switching means. 
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STATEMENT UNDER ARTICLE 19 

The reason for amending the claims is to clarify the 
recitation thereof and conform them to the recitation as 
amended in the prosecution of the United States priority 
application in order to expedite international examination. 

The addition of claim 55 was occasioned by the 
clarifying amendment to claim 1. The amended claims do not 
go beycind the disclosure of the international Application 

as originally filed.. 

It is noted that none of the cited references disclose 
or suggest the combination of components contained vithin 
the essentially non-digestible shell of '. a . capsule or the 
process as recited in the presently claimed invention. 

EllinvoDd. Jr. does not provide an ingestible capsule, 
does it comprise a radio signal transmitting means and does 
not appear as pertinent to use in the alimentary canal- 

Kambara et al, does not provide a radio signal 
transmitting means and does not provide an electric power 
source'. 

Grozai does not disclose an ingestible capsule, a 
radio signal transmitting means nor a remote actuatable 

medicament dosing means. 

A duplicate copy of this Amendment and Statement is 

being filed in the United States Receiving Office together 
with a Demand for International Preliminary Examination 
under Article 31. 
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